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Abstract Great cormorants (Phalacrocorax carbo) are
piscivorous birds, and as apex predators they accumulate
high levels of contaminants from the aquatic ecosystems.
In the present study, we analyzed distribution of Al, Cd, Cr,
Cu, Fe, Hg, Mn, Ni, Pb, Sr, and Zn in ten tissues (muscle,
liver, kidney, spleen, gizzard, heart, skin, lard, breast
feathers, and remiges) of the Great cormorants in the Marin
Sprud locality, the Danube River, Serbia. Concentrations of
elements in tissues were assessed by using inductively
coupled plasma optical spectrometry. Linear discriminant
analysis indicates that breast feathers and remiges have a
high bioaccumulation potential for heavy metals (Cr, Pb,
Sr, and Zn). Those tissues had the highest concentrations of
lead (Pb) (2.179 ± 0.742; 0628 ± 0.282). Maximum con-
centrations of mercury (Hg) were detected in liver
(30.673 ± 14.081), followed by kidney, for the same ele-
ment (17.409 ± 5.676), respectively. The overall maxi-
mum metal accumulation was observed in breast feathers
and remiges, followed by liver and kidney, whereas the
minimum values were observed in muscle, skin, and lard.
The greatest concentrations of Cr, Ni, Pb, Sr, Zn, and Al
were detected in feather tissues. Our study confirms that
great cormorant is a good indicator species for monitoring
of pollution of river and wetland ecosystems.
Due to their high toxicity, persistence, and tendency to
accumulate in sediment and living organisms, heavy metals
represent one of the major contamination problems for
freshwater ecosystems. Metals and trace elements enter
food chains through natural and anthropogenic sources.
They are nonbiodegradable elements with long biological
half-life (Burger et al. 2007; Qadir and Malik 2009). High
concentrations of copper (Cu) can cause the kidney damage
and reproduction failure, whereas high concentrations of
lead cause the reduction in organ growth, disturbance of
thermoregulation and movement, and affects brain devel-
opment and nervous system in general (Carpenter et al.
2004; Burger and Gochfeld 2000). Accumulation of cad-
mium (Cd) can induce retardation in growth, reduction in
egg production, eggshell thinning, kidney damage, etc.
(Furness and Greenwood 1993). Chromium (Cr) in a
mallard (Anas plathirhynchos) affects embryo development
and eggs hatching (Kertesz and Fancsi 2003). High con-
centrations of mercury can disrupt performance of immune
system, detoxification, and nervous system of birds
(Goutner et al. 2011). Some organisms can be used as
bioindicators to assess presence of the inorganic elements
in the environment. Approximately 95% of the total
industrial waste water in Serbia is discharged without
previous treatment into the main recipients, rivers, and
lakes. The contamination of fresh waters with a wide range
of pollutants has become a matter of concern over the past
few decades (Vutukuru 2005; Dirilgen 2001; Voegborlo
et al. 1999; Canli and Kalay 1998). Fresh waters in Serbia
are mostly polluted by heavy metals, polyaromatic hydro-
carbons, and polychlorinated biphenyls (Teodorovic´ 2009).
Water birds, such as grey heron (Ardea cinerea), great
cormorant (Phalacrocorax carbo), and ibis (Threskiornis
aethiopicus), often are used as bioindicators of the aquatic
ecosystem contamination with metals and trace elements
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and of local pollution in the area of their nesting ground
(Kim and Koo 2007; Malik and Zeb 2009; Hashmi et al.
2013). Metals circulate through the body and accumulate in
different tissues and organs, excreted directly or seques-
tered in feathers (Furness et al. 1986). Bioindicators should
accumulate pollutants and toxicants at the level that allows
their detection, showing ecotoxicological status of the
environment (Spahn and Sherry 1999).
Great cormorants are widely spread species of the
Phalacrocorax genus and can be found on all the conti-
nents except South America and Antarctica. They are
piscivorous species and, as top predators in the aquatic
ecosystems, accumulate high levels of contaminants from
the environment (Goutner et al. 2011), which makes them
good bioindicators of the aquatic ecosystem contamination,
especially because of their wide distribution and long life
span (Nam et al. 2005; Horai et al. 2007). Great cormorant
represents a species that expands throughout Europe
(Lindell et al. 1995). The number of species has been
rapidly growing since the 1980s and nowadays they are
more numerous and more widespread in Europe than at any
point in the time over the past 150 years (Cowx 2013). In
Serbia, cormorant nests in 15 colonies, and the population
is nearly 2000 pairs in total (Sˇc´iban et al. 2012). It has a
status of protected species (Official Gazette of RS 2010).
Incorporation of metals and trace elements into feathers
can occur in three ways: from the blood during feather
growth, from the excretion of salt or the secretion of preen
glands, and through contact with the habitat (Goede and de
Bruin 1984). Feathers may serve as a useful indicator of
inorganic pollutants presence, because concentrations of
metals correlate well with their internal levels during the
time of feather formation and can be collected from live
birds, which is particularly appropriate for rare and
endangered species (Misztal-Szkudlinska et al. 2012). The
excretion to bones and feathers can be considered a
detoxication mechanism (Naccari et al. 2009). The use of
feathers has been suggested as a nondestructive means of
assessing the level of contamination with metals and trace
elements (Malik and Zeb 2009).
Most of the studies of cormorants have investigated
toxicity of Cd and Hg, whereas other metals and trace
elements have been poorly investigated (Saeki et al. 2000;
Houserova et al. 2007; Misztal-Szkudlinska et al. 2011).
The main purpose of the present study was to assess
accumulation of 11 metals and trace elements in 10 dif-
ferent tissues and organs of cormorants and accumulation
potential of tissues for analyzed elements.
Materials and Methods
Sample Origin
A total of eight specimens was obtained after accidental
by-caughts of cormorants in fishermen’s gillnets. Because
the great cormorant is protected species (Official Gazette
of RS 2010) and there are legal restrictions on hunting,
we were unable to extend the sample size.
The cormorant specimens were caught on the February
16, 2014 in gill nets on the Danube River, in the locality
Marin Sprud (N 45 3201400, E 18 5804100, 1372.1 rkm), a
few kilometers downstream from the confluence of Drava
River and Danube River. The study area represents a part
of a large transboundary floodplain. On the left Danube
waterside (Serbia), there is a Special Nature Reserve
called Gornje Podunavlje, and on the right waterside
(Croatia), there is a Park of Nature called Kopacki rit.
This area is known for the presence of a great number of
protected bird species associated with wetlands. The
specimens were weighed, stored in chemically clean
plastic bags, and kept at -20 C until they were dissected
and analyzed.
Sample Preparation and Analysis
The total weight (g) and total body length (cm) of cor-
morant specimens were measured. The cormorant speci-
mens were dissected. Samples of muscle, liver, kidney,
spleen, gizzard, heart, skin, lard, breast feathers, and
remiges were quickly removed, washed with distilled
water, and stored at -20 C before analysis.
Samples were dried by Freeze Dryers Rotational—
Vacuum-Concentrator, GAMMA 1-16 LSC, Germany,
and sample portions between 0.2 and 0.5 g dry weight
were subsequently processed in a microwave digester
(SpeedwaveTM MWS-3?; Bergof Products ? Instru-
ments GmbH, Eningen, Germany), using 6 ml of 65%
HNO3 and 4 ml of 30% H2O2 (Merck suprapure) at a
food temperature program (100–170 C). Potential pres-
ence of analyzed elements in chemicals used in digestion
was resolved by using a number of blank samples (dis-
tilled water). Following cooling to room temperature, the
digested samples were diluted with distilled water to a
total volume of 25 ml. The analysis was performed by
inductively coupled plasma optical spectrometry (ICP-
OES). It included the assessment of concentrations of the
following 11 elements: Al, Cd, Cr, Cu, Fe, Hg, Mn, Ni,
Pb, Sr, and Zn. The following wavelength lines of the
ICP-OES analysis were used (nm): Al (394.401), Cd
(228.802), Cr (205.552), Cu (324.754), Fe (259.941), Hg
(184.950), Mn (259.373), Ni (231.604), Pb (220.353), Sr
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(460.733), and Zn (206.191). The quality of the analytical
process was controlled by the analysis of BCR-185R
reference material of bovine liver, as well as IAEA-336
Lichen reference material. The concentrations found were
within 90–115% of the certified values for all measured
elements. All elemental concentrations were expressed as
lg g-1 dry weight (dw). The detection limit of each
sample was verified based on the instrumental detection
limit, sample mass (g), and volume to which it had been
diluted. The average detection limits for each of the
assessed elements were (lg g-1dw): Al (0.125), Cd
(0.010), Cr (0.029), Cu (0.046), Fe (0.044), total Hg
(0.437), Mn (0.032), Ni (0.090), Pb (0.271), Sr (0.109),
and Zn (0.031).
Statistical Analysis
For each of the 11 elements, we performed separate anal-
ysis of variance (ANOVA) to test the hypothesis that the
elements are equally distributed in different organs and
tissues. Using multivariate analysis of variance (MAN-
OVA), we tested the hypothesis that bioaccumulation of all
11 metals and trace elements is the same in all organs and
tissues. Different statistics (Wilk’s lambda, Roy’s largest
root, the Lawley–Hotelling trace, and the Pillai trace) can
be used for testing the null hypotheses in MANOVA (Neter
et al. 1996; Rao 1973). For this study, we used Wilks’
lambda. Parametric statistical tests, including ANOVA or
MANOVA, rely on rigorous assumptions that experimental
errors are normally distributed and all treatments have a
common variance. Due to the small sample size of our data
set, the normality assumption was probably violated.
Therefore, we performed additional, distribution-free per-
mutation MANOVA (Anderson 2001, 2005) to test the null
hypothesis.
We used linear discriminant analysis (Fisher 1936) to
find a linear combination of the analyzed elements that
maximally discriminates organs and tissues. All statistical
analyses were performed using the ‘‘FLORA’’ software
package (Karadzˇic´ 2013).
When the elemental concentration was equal to zero
(not detected) value equal to the half of the spectrometer
sensitivity (ICP-OES) for the corresponding element was
used. The overall metal concentration in tissues was
compared using the metal pollution index (MPI) calculated
according to Usero et al. (1996, 1997):
MPI ¼ Cf1  Cf2. . .Cfnð Þ1=n ð1Þ
where Cfn is the concentration of metal n expressed in the
sample.
Results
Four adult and four subadult cormorant specimens were
collected at Marin Sprud, Danube River in February 2014.
Birds were classified as subadults or adults based on their
plumage, gonadal development, and iris color (Cramp and
Simmons 1980; Baker 1993; Blasco Zumeta 2010). The
mean body weight and length of the birds were 2375 g
(2000–2580) and 76.75 cm (75–80) for the adults and
2720 g (2200–3080) and 80.38 cm (78.5–80) for the sub-
adults.
Heavy metal and trace element concentrations in each of
the ten analyzed tissues are presented in Table 1. The
analysis revealed that the concentrations of the following
elements were below detection threshold: Cd in breast
feathers, remiges, skin, muscle, heart, spleen, and lard; Cr
in liver and muscle; Cu and Pb in lard and Ni in kidney,
liver, skin, muscle, lard, spleen, heart, and gizzard.
The results of a series of ANOVAs (Fig. 1) suggest that
all of the analyzed elements are unevenly distributed in
investigated organs. Liver, kidney, and feathers had the
highest level of Cd, Fe, Hg, Zn, and Mn concentrations.
The highest concentrations of Cd and Hg were detected
within kidney and liver tissues.
The highest concentrations of Cr, Ni, Pb, Sr, Zn, and Al
were detected in feather tissues. Moreover, the concentra-
tion of mercury in feathers was, lower than in kidney and
liver but much higher than in other organs and tissues. Such
results indicate that feathers play important role in allo-
cation and deposition of harmful substances.
Applying MANOVA to our data set, we revealed a
significant difference among organs with respect to their
bioaccumulation potential for 11 analyzed elements
(Wilks’ lambda = 0.00091, p\ 0.000). Using different
dissimilarity coefficients, we performed a set of distance-
based permutation MANOVAs. Irrespective of dissimilar-
ity coefficient, all analyses confirmed that different organs
and tissues statistically differ with respect to bioaccumu-
lation potential for analysed elements.
Linear discriminant analysis (LDA) and MANOVA
operate using the same matrix (Legendre and Legendre
2003; Greenacre 2010). Contrary to MANOVA, LDA is a
dimensionality reduction technique that enables graphical
summary of variation patterns of data matrices. First two
axes of LDA explain 79% of total data variability (Fig. 2).
LDA indicates that breast feathers and remiges have high
bioaccumulation potential for heavy metals (Al, Zn, Ni, Cr,
Sr, Pb), so they may be used as bioindicators of increased
pollution.
Average MPI values for each of the analyzed tissues are
presented in Fig. 2. Maximum MPI values were observed
in breast feathers and remiges, followed by liver and
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kidney, whereas the minimum MPI values were observed
in muscle, skin, and lard.
Discussion
Great cormorants have a very wide range of distribution,
including Europe, Africa, Asia, Oceania, and North
America. Data related to heavy metal concentrations in
great cormorants from different areas of its distribution
could be of interest. This bird species therefore could be
used as global environmental monitors of toxic contami-
nants, such as mercury (Saeki et al. 2000).
Liver and kidney had the highest concentrations of Cd,
which was expected given that liver and kidney are main
metabolic organs for detoxification and secretion of
harmful substances (Table 1) (Scheuhammer 1987; Das
et al. 2000). The results were in accordance with the results
reported by Nam et al. (2005) for the same species. The
same results were obtained from the similar study regard-
ing the same species conducted at the Ecˇka Fishing farm
(Serbia) (Skoric et al. 2012). Two other cormorant studies
from the Biwa and the Tokyo lakes in Japan, also con-
firmed findings for the highest concentrations of Cd in the
liver and the kidneys (Saeki et al. 2000). The hepatic Cd
concentrations in Lake Biwa were significantly higher than
those in Tokyo and both higher then values that were
obtained in Serbia (Saeki et al. 2000).
Liver, kidney, and feathers had the highest concentra-
tions of Hg. Honda et al. (1986a, b) stated that concen-
trations of Hg in liver and kidney are higher than in
feathers during premolt period, which indicated that the
samples were collected in a period after growth of feathers.
During molt, Hg burden in internal tissues may decrease
because of its transfer to feathers via blood from internal
tissues (Saeki et al. 2000).
Great cormorants have the similar Hg accumulation
tendencies as other fish-eating birds. The Hg proportion in
feathers therefore would be lower than other tissues
because of a higher Hg intake in tissues and lower elimi-
nation through feathers (Honda et al. 1986a, b).
Table 1 Heavy metal and trace element concentrations in different tissues of Great cormorants (Phalacrocorax carbo) (mean ± standard
deviation)
Muscle Gizzard Liver Kidney Spleen
Al 4.970 ± 3.539 26.990 ± 25.142 7.634 ± 3.978 9.367 ± 17.319 14.260 ± 16.964
Cd ND 0.006 ± 0.001 0.217 ± 0.217 0.815 ± 0.871 ND
Cr ND 0.244 ± 0.147 ND 0.274 ± 0.114 0.292 ± 0.103
Cu 15.737 ± 0.896 1.912 ± 0.430 18.039 ± 4.038 9.805 ± 3.981 3.729 ± 4.686
Fe 292.626 ± 35.858 188.331 ± 73.170 741.394 ± 241.860 681.476 ± 232.719 642.642 ± 147.374
Hg 9.480 ± 1.174 5.094 ± 1.154 30.673 ± 14.081 17.409 ± 5.676 5.838 ± 1.799
Mn 1.920 ± 0.153 1.430 ± 0.385 11.933 ± 3.711 9.110 ± 3.632 1.294 ± 0.502
Ni ND ND ND ND ND
Pb 0.265 ± 0.413 0.208 ± 0.083 0.224 ± 0.151 0.260 ± 0.162 0.200 ± 0.062
Sr 0.093 ± 0.027 1.409 ± 1.468 0.242 ± 0.130 0.378 ± 0.242 0.371 ± 0.214
Zn 43.526 ± 7.802 68.862 ± 6.647 83.207 ± 13.193 57.917 ± 7.468 61.380 ± 17.793
Breast feathers Remiges Skin Heart Lard
Al 222.060 ± 122.707 112.701 ± 39.808 44.196 ± 24.135 11.295 ± 10.750 12.863 ± 7.959
Cd ND ND ND ND ND
Cr 0.996 ± 0.450 0.364 ± 0.100 0.240 ± 0.258 0.236 ± 0.099 0.060 ± 0.053
Cu 5.211 ± 0.800 11.600 ± 1.927 0.317 ± 0.251 13.223 ± 5.619 ND
Fe 309.080 ± 149.692 102.222 ± 23.084 63.317 ± 19.044 374.303 ± 153.983 39.407 ± 15.693
Hg 13.139 ± 4.892 14.621 ± 14.949 1.905 ± 0.808 8.302 ± 4.375 1.153 ± 0.403
Mn 9.425 ± 4.045 2.986 ± 0.503 0.756 ± 0.340 4.849 ± 4.787 0.304 ± 0.139
Ni 1.022 ± 0.545 0.433 ± 0.215 ND ND ND
Pb 2.179 ± 0.742 0.628 ± 0.282 0.383 ± 0.150 0.186 ± 0.062 ND
Sr 5.851 ± 2.636 3.210 ± 0.361 0.418 ± 0.182 0.280 ± 0.151 0.135 ± 0.060
Zn 89.221 ± 21.329 90.208 ± 4.907 12.273 ± 3.761 73.987 ± 19.764 5.576 ± 2.719
Concentrations are expressed as lg g-1 dry weight. ND indicates the values below the detection threshold
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Feathers from great cormorants inhabiting the Vistula
Lagoon ecosystem had average Hg concentrations similar
to those in cormorant feather from Caspian sea in Iran and
the Fereidoonkenar region (Iran) in the southern Caspian
Sea (Mazloomi et al. 2008; Misztal-Szkudlinska et al.
2012; Rajaei et al. 2011). Results from the study of Hg
level in feathers of Cape Cormorants (Phalacrocorax
capensis) in Namibia, southern Africa showed very low
level of Hg (Burger and Gochfeld 2001). In all of these
studies, Hg concentrations were lower than concentrations
in our study.
Breast feathers had the highest concentrations of Pb,
because Pb may be accumulated in hard tissues, such as
bones and feathers throughout ossification and Pb can
interact with Ca metabolism (Hutton and Goodman 1980).
The results are in accordance with the study by Nam et al.
(2005), which states that the feathers are the main organ in
Pb accumulation in cormorants (Figs. 3, 4).
Liver, kidney, and feathers had the highest level of Zn
and Mn concentrations. High concentration of Zn and Mn
in feathers can be due to the pigmentation in feathers for
which Zn and Mn are used (Klasing 1998). High concen-
trations of Mn in liver and kidney are due to the activity of
these tissues in taking up the distribution of said element
(Klasing 1998). Zaccaroni et al. (2008) reported the highest
concentrations of Zn in the kidneys of the most analyzed
species, whereas marsh harrier (Circus aeruginosus) and
common buzzard (Buteo buteo) had the highest concen-
trations of Zn in liver. Feathers had the highest concen-
trations of Sr, which incorporates together with Ca in the
mineral phase of bones (Nielsen 1986; Goyer and Clarkson
2001). The results of this study indicate that the accumu-
lation potential of feathers are in accordance with Skoric
et al. (2012) and Misztal-Szkudlinska et al. (2012).
LDA indicated that the highest concentrations of Cd, Fe,
and Cu were detected in kidney and liver, two detoxifying
organs (Naccari et al. 2009). Liver represents an organ
where toxicants are first accumulated and metabolized,
whereas the kidney can be considered as indicator for
chronic exposure (Zaccaroni et al. 2008).
Allocation of heavy metals in feathers is an important
adaptation of birds, because they are able to eliminate a
substantial portion of their body burden of certain heavy
metals via their plumage during the molting period (Burger
1993; Hughes et al. 1997; Dauwe et al. 2003). The overall
metal concentration in tissues was determined using MPI.
Fig. 1 Sampling site on the Danube River, Serbia
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MPI is used to compare the total metal content in the dif-
ferent tissues in aquatic organism (fish, molluscs). As we
know, this is the first time that this index has been used on
birds. MPI showed that the highest overall accumulation
was in feathers, which was in accordance with many
studies that used feather as nondestructive indicator to
monitor metal levels in internal tissues (Burger 1993;
Furness 1993). This study indicates that cormorants are
good subjects for the monitoring of metal and trace element
contamination in ecosystems, because they are positioned
Fig. 2 Set of univariate ANOVAs for analyzed organs and tissues of Great Cormorant (Phalacrocorax carbo)
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Fig. 3 Differentiation of
cormorant tissues based on
concentrations of elements in
ten analyzed tissues of Great
cormorant (Phalacrocorax
carbo) using LDA
Fig. 4 Metal pollution index
(MPI) for the analyzed tissues
of the Great cormorant
(Phalacrocorax carbo)
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at the top of the food chain. Given that cormorants are
migratory species, samples should be collected during
breeding period when only local populations are present in
the study area.
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